A dozen specimens of Eumodicogryllus bordigalensis were found in three localities in Poland as well more than thirty foreign specimens of the species collected in southern Europe, the Caucasus and Mongolia. They are deposited in the collection of the Museum of Zoology PAS. The adult specimens were studied in detail and measured. The indigenous specimens and the majority of the foreign ones proved to be macropterous. The problems of wing polymorphism and the possibilities of migration are discussed.
INTRODUCTION
Many observations of thermophilic species extending their ranges from south to north are usually explained by climate change. Less attention is paid to the increasing role of humans in the displacement of species (intended or not) and their own tendencies and opportunities for expansion. The case of Eumodicogryllus bordigalensis (LATREILLE, 1804) seems to be an interesting example of how all these threads are intertwined.
The southern cricket was first noted in Poland in the 1950s 1 but primarily it was erroneously mentioned as Acheta desertus (PALLAS, 1771) by KOSTROWICKI (1953) . Under the name Tartarogryllus burdigalensis (LATREILLE, 1804) it was listed in a monograph of indigenous Gryllidae (LIANA 1975) and later in the Catalogue of Polish Orthoptera (BAZYLUK & LIANA 2000) . The recatch of the species took place in Poland only in 2001 (a series of specimens) and in 2012 (one specimen), both times in the south-eastern regions of the country. No information about either these specimens or the foreign specimens of Eumodicogryllus bordigalensis in our collection has yet been published. The range of E. bordigalensis covers mainly the Mediterranean countries of Europe and North Africa, where it is quite common (CHOPARD 1943 , 1951 , VOISIN 2003 , HARZ 1969 , HERRERA 1982 , OLMO-VIDAL 2006 , MASSA et al. 2012 , WILLEMSE 1984 , THORENS & NADIG 1997 ). The species is also known from Asia Minor, the Caucasus, Central Asia and Mongolia. It is widely dispersed in central Europe, where most of its records are recent ones. It was discovered not long ago in southern Germany (near Karlsruhe) (ELST & SCHULTE 1995 , MAAS et al. 2002 , and in northern Switzerland (near Basel) (BIRRER & CORAY 2000) and in Lower Austria (BERG & ZUNA-KRATKY 1997) . It is considered to be very rare in southern Slovakia and the Czech Republic (CHLÁDEK 1973 , HOLUŠA et al. 2007 . STOROZHENKO & GOROCHOV (1992) recorded this species in Transcarpathia (Ukraine). BOUWMAN (2010) found it at Ede (the Netherlands) -probably the most northern locality in Europe.
The southern cricket, described by LATREILLE (1804) in the genus Gryllus LINNAEUS, 1758, was later placed in several other genera (Acheta FABRICIUS, 1775 , Tartarogryllus TARBINSKY, 1940 , Modicogryllus CHOPARD, 1961 , before finally being located in a new genus Eumodicogryllus by GOROCHOV (1986) . Due to the great variability of such features as the colouration and patterns of the head and wing length, the southern cricket has been described under various species names. More than a dozen of its synonymous names are currently known, some of them are used as sub-specific or form names. BRUNNER V. WATTENWYL (1882) had already noticed that specimens of this species, characterized by different wing lengths, often appeared together in the same locality. CHOPARD (1943 CHOPARD ( , 1951 named forms differing in wing length: burdigalensis (shortened second pair of wings), cerysyi (tegmina longer than abdomen, second wings "caudate" and about twice as long as the tegmina) and geminus (both pairs of wings shortened). Some problems related to the names of genus and species were clarified by CORAY & LEHMANN (1998) based on a decision of the International Commission of Zoological Nomenclature (Opinion ICZN, Bull. Zool. Nom. 1999) .
The aim of this study was to extend knowledge of the current range of E. bordigalensis and to pay attention to the possible role of macroptery (wing polymorphism) in observed expansion of species to the North.
MATERIALS AND METHODS
The data referring to specimens of E. bordigalensis in the collection of the Museum and Institute of Zoology, Polish Academy of Sciences (MIZ PAS), Warsaw, are listed below. Polish localities (Fig. 1 All specimens were identified or their determination confirmed by Anna LIANA. The 17 adult Polish specimens of E. bordigalensis and the 18 foreign specimens were examined and measured using a stereoscopic microscope with a special ocular.
RESULTS
The two new indigenous records of E. bordigalensis have confirmed the presence of the species in the Polish fauna, even if it is only temporary. All the southern crickets in Poland were long-winged and caught when they were attracted to light; none have yet been observed living free in the natural habitat. It is striking that nearly all the foreign adult specimens were macropterous, except for two females from Ropotamo, one male from Damianica and one female from Coto Doňana with its second wings broken. A few of the foreign specimens were collected in their natural habitats by sweeping (e.g. the macropterous female in Caraorman and the brachypterous male in Damianica). The two macropterous females from Zum Bajan (Mongolia) were probably attracted to a hotel light. We do not know exactly how most of the foreign specimens were collected, as the relevant information is not given on the labels. We suppose that they were occasionally captured with standard methods used for different insect groups by various specialists (sweeping, visual observation, searching under stones). The same methods used during many years of investigations in different regions of Poland (including Krzyżanowice and its neighbourhood, Sobibór and the Łęczna-Włodawa Lake District, Krynica and the Beskid Sądecki Mts.) did not yield any new records of this species. Among the Gryllidae only Gryllus campestris LINNAEUS, 1758 and Modicogryllus frontalis (FIEBER, 1844) (in Krzyżanowice) were collected in this way (Tables 1, 2) . 13.0 -13.5 11.0 -13. The dimensions of the adult specimens studied here (both native and foreign) are close to the limits given by other authors (HARZ 1969 , MASSA et al. 2012 . Only the length of the female body from Ukraine (16 mm) goes far from the known data, except for CORAY (2002), who states the limits for females as being 14-18 mm ("Alkoholmaterial"). Moreover, the length of the tegmina does not differ according to the data given by other authors. Except four specimens that probably shed second-pair-wings, all the specimens are characterized by very long wings, more than twice as long as the tegmina. Their lengths correspond with the data of CORAY (2002).
Figs 2-3. Eumodicogryllus bordigalensis: 2 -frontal part of head (female, Sobibór); 3 -tegmina of male (Sobibór).
The acute angle formed by the front-clypeal suture near the median ocellus was present in all the adult and juvenile specimens examined (Fig. 2) . This morphological feature enables the correct identification of E. bordigalensis, despite the great variability of the head colouration and the distribution of the black and yellow pattern on it. The ground colour is generally dark, most often dark brown or chestnut, seldom black. The pattern is formed by a yellow band of varying width or a yellow patch between the antennae, and a band or thin line between the eyes. On the occiput the pattern is formed by 4-6 more or less visible longitudinal patches. In addition, some specimens have yellow spots on the labrum, the genae and the occiput near the eyes. In general, the darker the ground colour, the less pronounced the yellow pattern.
The pronotum is dark brown with clearer marbled patterns on a disc and light patches on the fore parts of the lateral lobes, the edges are thickened with black bristles. The abdomen is dark brown or nearly black but cleared by a cover with a thick, brightly coloured pubescence. The tegmina are light-brown or yellowish-brown, semi-transparent with darker veins. The second wings are well developed; in the majority of the imagines examined they are twice as long as the tegmina, forming so-called "cauda". The tegmina in the males have the typical venation: the stridens area with two oblique veins, the mirror with one vein (Fig. 3) .
The genital organs of the male (Figs 4a-c) are almost identical to those illustrated by MASSA et al. (2012, plate 81, fig. 9 ) and by BIRRER & CORAY (2000), but are more strongly sclerotized. The spermatophore is pear-shaped (Fig. 4d) . The ovipositor is a little longer than the hind femur, slightly bent upwards with a flattened, enlarged and sharply-pointed terminal part which makes up about one fifth of the whole length. The cerci are nearly as long as the ovipositor, with short thick and very long hairs. 
DISCUSSION
All the indigenous specimens of E. bordigalensis are long-winged and all came to light; it seems, therefore, that they were migrating. The positions of the Polish localities suggest the likely direction of migration -from the south and south-east (Fig. 1) . However, the great majority of foreign adult individuals of this species in our collection are also macropterous. In the light of these facts, it seems surprising that the southern cricket is still considered as flightless and its long-winged form as very rare. Most papers providing data on the morphological characteristics of E. bordigalensis omit the length of the second pair of wings but always state the dimensions of the tegmina. These comments apply both to earlier publications (BRUNNER V. WATTENWYL 1882 , CHOPARD 1943 , 1951 , HARZ 1969 and to recent ones (MAAS et al. 2002 , KOČÁREK et al. 2005 , BELLMANN 2006 , MASSA et al. 2012 . Wings shorter than the tegmina and completely covered were considered normal, whereas wings longer than the tegmina were treated as very rare and unusual. If the second wings were not visible, they were assumed to be naturally shorter. The possibility of the secondary loss of wings by adult crickets was not usually considered. SELLIER (1954) was probably the first to notice the phenomenon of wing shedding in the southern cricket.
SELLIER (1954) was interested in wing polymorphism in crickets and studied the influence of internal (inheritance) and external (environmental) factors on the development of wings. Some European crickets always occur in the macropterous form (Gryllus bimaculatus DE GEER, 1773). In G. campestris, two forms are considered possible, but the macropterous one is very rare (only isolated cases are known). Pteronemobius heydeni (FISCHER, 1853) is usually known in the microptera form (wing atrophy) whereas the macropterous form is very rare. Melanogryllus desertus (PALLAS, 1771) is observed in natural habitats in three forms: macropterous -"deserta" ("caudalis") -as described by Pallas from Russia, brachypterous -"tristis" -described by Serville from Sardinia, and finally "melas" -described by Charpentier from Hungary. Eumodicogryllus bordigalensis also presents three forms: the typical bordigalensis, cerisyi with a second pair of long wings, and geminus with a slightly shortened tegmina with the second pair atrophied. SELLIER (l. c.) found that while intermediate forms were unknown in the previously mentioned species, all possible intermediate forms had been observed in the southern cricket.
In addition, SELLIER (1954) demonstrated that temperature had a significant effect on wing length only in the case of E. bordigalensis. When temperatures were relatively low and variable during postembryonic development, macropterous or parapterous adults were predominant, with the second pair of wings always being longer than the abdomen. When the crickets were grown at a constant, high temperature, there were more brachypterous specimens, but macropteric ones were still more numerous. Over many years of experiments with the crossbreeding of selected specimens, SELLIER (1954) came to the conclusion that the effect of heredity in individuals from brachypterous pairs was eliminated by the effect of low and changing temperature. The ability to shed wings some time after the last moult can produce the impression of brachypterism. This ability was later confirmed in E. bordigalensis by some other entomologists, e.g. INGRISCH (1978) .
The observations of SELLIER (1954) regarding the wing polymorphism of E. bordigalensis have waited a long time for confirmation. This has probably been due to the difficulties in obtaining sufficiently abundant material. When, at the end of the 1990s, a new locality was found near Basel in northern Switzerland, entomologists were able to obtain only single specimens, even though, based on "singing", the cricket was very numerous there. BIRRER & CORAY (2000) made a detailed description of its morphology, which indicated that, unlike Acheta domesticus, it had no second pair of wings. Two years later CORAY (2002) presented the results of breeding of the southern cricket. All the adult individuals, in several successive generations from the couple collected at the locality near Basel, were initially macropterous. Soon after the imaginal moult, the crickets displayed a kind of excitement and made rapid movements of the second wing, even though they were unable to leave the cage. After a period of 3-5 weeks the majority of them shed the second pair of wings, in this way becoming flightless, like the parental couple. At the same time, however, one cannot say with any certainty whether both the observations of SELLIER (1954) and those of CORAY (2002) made in an artificial culture are applicable to natural conditions. CHLÁDEK (1973) found a long-winged male in the Pavlovske Kopce (southern Moravia in the Czech Republic). HOLUŠA et al. (2007) subsequently confirmed the occurrence of these crickets near CHLÁDEK's location at the Novosedly railway station. Among the seven specimens collected, one male had only one long second wing, the other one had been shed. The remaining specimens were probably brachypterous or had already shed their second wings (missing information).
The occurrence of macropterous forms in natural environments has been insufficiently examined. These forms are considered very rare. In the past, many authors ignored the length of second wings as an inessential feature. Meanwhile, in the opinion of GOROCHOV & LLORENTE (2001) , it is the brachypterous form that is in reality very rare -the conviction regarding its dominance results from the secondary loss of wings. Histolysis of wing muscles is a probable consequence of the shedding of wings and egg production advances as a result of this release of energy reserves. Such a phenomenon in some other crickets, e.g. Velarifictorus parvus (CHOPARD, 1928) or Modicogryllus confirmatus (WALKER, 1859) was discussed by TANAKA (1991) and SUZUKI & TANAKA (1998) .
The clear predominance of macropterous specimens in our collection seems to confirm the opinion of GOROCHOV & LLORENTE (2001) . In Poland this cricket has been sporadically observed over the last 60 years, but no durable population has ever been discovered. All the specimens collected in Poland belong to the long-winged form and were caught when they were attracted to light. The find at Sobibór, where 15 macropterous crickets were attracted by light over a few successive nights, was remarkable. At least one male among them was capable of reproduction, as indicated by the spermatophore protruding from its abdomen.
When the southern cricket was recorded in new locations in Germany, Switzerland and Austria, the possibility that this species might be moving along railway tracks, was pointed out. The presence of about 100 singing southern cricket males was noticed in 1998 and 1999 at the railway station in Basel (Switzerland) (BIRRER & CORAY 2000) . This locality had probably not existed before 1995. Eumodicogryllus bordigalensis was recorded in 1995 in similar surroundings in southern Germany (ELST & SCHULTE 1995) . BOUWMAN (2010) found a small population of E. bordigalensis at a railway station in Ede (Netherland) -probably the most northern locality in Europe. This author suggests that the southern cricket might have arrived there in a train from Mannheim or even Basel, where "good" populations of the species existed in a similar artificial habitat.
The circumstances in which crickets were caught at Sobibór, as well as the macropterism of all southern crickets collected there, suggest that they were migrants. One can probably assume the same for the single females from Krynica and Krzyżanowice. The arrival of these specimens to the light may be an accidental epilogue of the fly known as the "nuptial fly" among many insects. Nothing is known about such flying as the migration abilities of E. bordigalensis have never been studied.
